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Statistical Comparison of Blood Glucose as Determined by Several Test-Strip Procedures and by a Hexokinase Procedure

Thomas C. Stewart1 and Robert M. Kleyle2
We report a new statistical tool for comparing several dry-reagent strip procedures for whole blood glucose, which produce data in both digital and ordinal form, with results by the well-studied hexokinase-glucose-6-phosphate dehydrogenase procedure coupled to NAD-NADH.
Our use of "ordinal comparison unit" allows for a more equitable comparison of such data. These strip procedures produce biases of -2.21 to 1.74 ordinal comparison units over the range of glucose values corresponding to hypoglycemia and hyperglycemia, as compared with results by the hexokinase procedure, but they are essentially equivalent when compared with each other.
AddItIonal Keyphrases: test-strip and reflectance meter methods
procedures suitable for outpatient and home use
Our objective here was to evaluate the performance of several "home-use" procedures for determining glucose in whole blood3 as compared with a hexokinase (EC 2.7.1.1) laboratory procedure, by using a new statistical method to better compare digital and ordinal data. All the methods compared had day-to-day CVs of <5% and all had a tendency
Materials and Methods
Chernst rip bG (Bio-Dynamics
Inc., Indianapolis,
IN 46250)
isa test-strip method for semiquantitative visual estimation of glucose in the whole blood. The reactive areas contain glucose oxidase (EC 1.1.3.4), peroxidase (EC 1.11.1.7), and color indicators that change color in proportion to the concentration of glucose in the blood being tested. After 60s, the applied blood is wiped off, and 60 s later the strip's color is compared with a color chart on the accompanying vial. These color areas are identified as corresponding to glucose concentrations of 0.2, 0.4, 0.8, 1.2, 1.8, 2.4, 4.0, and 8.0 g/L.
The StatTek-Glucose In all these reagent-strip methods, whole blood was applied to the test strip by using a glass dropper to drop recently mixed (not more than 5s before application) EDTA-treated whole blood onto the strip, rather than by dipping the strip as was done in a previous study (1) . We believe this more closely resembles the usual method of applying a drop of blood 
NJ 07728). It was performed by a technologist who was thoroughly familiar with it.
Samples.
Each morning during this evaluation we added to 10 EDTA-treated whole-blood specimens, which had been stored at 2-8 #{176}C for 24 h or less, zero to five drops of a 30 g/L glucose solution in isotonic saline. The specimens were placed on a rocker table until they came to room temperature and the glucose had equilibrated between the plasma and the cells.
Each specimen was then divided into two portions. One was
centrifuged and the resulting plasma was stored at 2-8 #{176}C until analyzed by the Flozyme Glucose procedure. The other was analyzed by the strip methods within 1.5 h.
The whole blood was tested by the Chemstrip bG method first. If the glucose value was <0.7 g/L, the StatTek-Glucose Low Level kit was used. All specimens were then tested by the other procedures. Table 1 shows the day-to-day CVs for the procedures. These values were obtained by using the control values for each procedure for each of the 10 days (seven days for StatTekGlucose Low Level). The CVs were: low-level hexokinase, 4.3%; high-level hexokinase, 2.3%; low-level StatTek, 3.8%; high-level StatTek, 3.7%; and Dextrostix standard calibration, 4.8%. Glucose values in a narrow range could not be differentiated visually by use of Chemstrip bG; therefore, we did not calculate a CV for this procedure.
Results
The data from whole-blood specimens were divided into three ranges, depending on the glucose value obtained by the Chemstrip bG: 0.70 to 1.50g/L are listed as normal, those with <0.70 g/L are listed as hypoglycemic,and thoseexceeding 1.50 g/L are listed as hyperglycemic. In each range, the plasma glucose concentration, as determined by the hexokinase procedure, was corrected downwards by 11% so that its value could be compared with the value for whole blood (2).
To test for significant differences among the five readings of glucose level, we used the Friedman nonparametric rank test. This was done separately for each of the three groups identified above. The Friedman test was used in preference to the usual analysis of variance procedure because of the ordinalnature of the bG data.
Because the Friedman test was significant in all instances, the sources of significance were determined by a pairedcomparisons procedure based on the Friedman ranks (3) . The most revealing comparisons are those between the corrected hexokinase procedure and the other four methods ( Table   2 ). 
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Discussion
The use of teststripsand reflectancemeters as a means of determining blood glucose values of patients at home or in the physician'sofficehas great potential, mainly because a low CV can be attainedby an experienced operator. However, the value for blood glucose concentration so obtained may not always be the same as that obtained by a standard laboratory procedure. All four methods examined gave readings that were 
